Abstract: Lake Wilson, a perennially ice-capped, deep (>lo0 m) lake at 80"s in southern Victoria Land was investigated in January 1993. Water chemistry and physical structure showed three distinct layers; an upper c. 35 m mixed layer of low salinity, moderately turbid water; a less turbid mid layer, 20 m thick of slightly higher salinity and supersaturated with oxygen; and a deep 20 m brackish layer (conductivity c. 4000 pS cm") with anoxic conditions in the lower 5 m. Extreme supersaturation of N,O (up to 400 times air saturation) together with high nitrate concentration (4000 mg m") was recorded in the deep layer. Phytoplankton biomass and photosynthetic activity was confined to the upper mixed layer and the band of supersaturated dissolved oxygen located at 40-55 m appears to represent a relict layer from when the lake level was lower. The evidence from a comparison of profiles between 1975 and 1993 suggests that Lake Wilson has risen 25 m since 1975, synchronous with a period of lake level rise in the McMurdo Dry Valleys lakes to the north at 77"s. Geochemical diffusion models indicate that Lake Wilson had evaporated to a smaller brine lake about 1000 yrs BP, which also fits the pattern shown by the McMurdo Dry Valleys lakes. Climate changes influencing lake levels have thus covered a wide area of southern Victoria Land.
Introduction
Lake Wilson is a permanently ice-covered lake in the Darwin Valley, at 80"s in southern Victoria Land, Antarctica (Fig. 1) . The Darwin Valley is one of the southernmost of the ice-free "Dry Valleys" which trend east-west between the ice-plateau and the coast in southern Victoria Land. Lake Wilson is dammed at one end by the Darwin Glacier where the glacier merges with the Ross Ice Shelf, and, when first sampled, had the distinction of being the deepest lake known in the McMurdo Dry Valleys region (Hendy 1975) . Examination of gradients of chloride within the upper layers of the water column led Hendy to conclude that there had been a recent rise in lake level.
The McMurdo Dry Valleys lakes to the north at 77"s are considered to have fluctuated in level markedly over the last 10 000 years (Doran et al. 1994) . These lakes are primarily fed by glacier melt, and fluctuations have been due to local climate changes. Cooler periods with low melt have caused a lowering of lake levels and warmer periods have raised lake levels. The record of the climate changes is apparent in the geochemical structure of the lake water column and in the sediments (Doran et al. 1994) .
In the McMurdo Dry Valleys lake levels have been generally rising over the last 20 years (Chinn 1993) . The extent of these rises has varied from lake to lake and the rise in the level of Lake Vanda in the Wright Valley has been particularly evident. Lake Vanda has risen 10 m since the early 1980s and the increase in inflow volume over this period has been documented (Chinn 1993) .
Most lakes in the McMurdo Dry Valleys are vertically stratified with respect to physical, chemical and biological variables (Vincent 1988 , Matsumoto 1993 . Fluctuations in lake levels inevitably affect this stratification, altering both therelativesizesof strata and the locationsof their boundaries. As biological and chemical processes are often concentrated at these boundaries (e.g. Vincent 1988 , Webster 1993 changing levels may affect these processes. Biological production in particular may be dependent on downwelling radiation or convective mixing, which may be adversely affected by increasing depths of overlying water. Oxygenation of deep water layers in stratified systems is dependent on photosynthesis which, in turn, is dependent on deep penetration of photosynthetically active radiation.
As the most southerly of Antarctica's large deep lakes, and well south of McMurdo Sound, Lake Wilson provides an opportunity for assessing whether the changes documented for the McMurdo Dry Valleys lakes have occurred over a wider geographic area. This paper addresses the issue by reporting the results of a detailed examination of chemical and biological profiles in Lake Wilson, and an assessment of the effects of lake level change on its limnological structure.
Lake Wilson
Lake Wilson lies at the base of a secondary valley within the larger Darwin Valley (Fig. l) , between the Brown Hills and the Ross Ice Shelf. As the Darwin Glacier merges with the ice shelf, the exit from this secondary valley is blocked, and a pro-glacial lake has formed. In January 1993, the main inflow draining into Lake Wilson was a very turbid stream flowing north along the west margin of the Darwin Glacier and its lateral moraines. This entered Lake Wilson at the south east corner. A sample taken from this inflow (W200), is only 500 m upstream from the point of entry to the lake (Fig. 1 ). There did not appear to be significant surface drainage down the valley in which the lake lies, nor from gullies rising on either side of the lake. There is no surface outlet from Lake Wilson. Nutrient analyses from ponds on Diamond Hill in 1991 showed extremely high levels of nitrate, up to 138 000 mg NO,-N m 3 (Vincent & HowardWilliams 1994) . In 1975, Hendy surveyed the bathymetry of the lake, showing a maximum depth of 95 m at a point c. 0.5 km east of the centre of the lake. Lake volume was estimated at 27.7 x lo7 m3.
Sampling techniques and analytical methods

Sampling
The field expedition took place in January 1993. Lake Wilson waters were sampled using a 1.5 1 capacity sampler, constructed of ultrahigh molecular weight polyethylene for the inner chamber, with a high density polyethylene casing above and below the sample chamber. All metal parts, including weight, messenger weight and assembling screws, were of titanium or niobium. The sampler was lowered on a depth calibrated Dacron line through a 10 cm diameter hole in the ice cover drilled with a SIPRE auger. Temperature, pH and conductivity were measured on freshly retrieved samples on site using portable meters. Samples for major and trace element analysis were collected directly into acid-washed polyethylene bottles. Samples for dissolved nitrogen and phosphorus compounds were filtered within 2 h of collection with Whatman GF/F filters and stored frozen in acid washed polyethylene bottles. All samples were returned to New Zealand for analysis.
Direct measurements
Temperature and dissolved oxygen (DO) profiles were obtained using a YSI dissolved oxygen probe. The probe on this cable was only 75 m long, and measurements for depths greater than this had to be made after samples had been recovered to the surface. Additionally, the meter could not record concentrations of DO in excess of 20 g m3, which were found in one stratum of the lake. Where this occurred, concentration was recorded as >20 g m-'.
Upwelling (E") and downwelling (Ed) photon flux density in the water column was determined using a LiCor submersible PAR (photosynthetically active radiation) probes. Penetration of PAR through the ice, vertical extinction coefficient for downwelling PAR (Kd = ln(EZ,/EZJ/zl-z,, where E,, and EZ2 are radiation at depths z1 and z, respectively) and reflectance
Sample analysis
Major ions. Samples were analysed for Na, K, Mg, Ca, C1, and S0,by high pressure ion chromatography and those with high salinity were analysed for C1 by titration with AgNO, using a potassium chromate/dichromate indicator. Total carbonate concentrations were determined as HCO, by titration with HC1 and back titration with NaOH, after purging with N, to correct for other ions affecting alkalinity. The total concentration of reduced sulphide, determined as H2S, was measured on site, using the APHA Methylene-blue method (APHA 1992) and a portable spectrophotometer. All sample analyses have an ion balance of <lo% and for most of the lake waters, 4%.
Nutrients. Samples were analysed using a Technicon I1 Autoanalyser, for dissolved reactive phosphorus (Downes 1978) , NO,+NO,-N (Downes 1988b) and NH,-N (Downes 1988a) . Total dissolved inorganic carbon was estimated as CO, by infra-red gas analysis after purging acidified samples with C0,-free air.
Chlorophylla andsuspendedsolids. Samples for chlorophyll a (chl a ) determination were collected onto GF/F filters and frozen for analysis in New Zealand. Extraction was into 90% acetone, by grinding in a teflon homogenizer. Chl a concentrations in extracts were determined using a PerkinElmer LS5OB spectrofluorometer calibrated against pure chl a standards.
Suspended solids (SS) were determined gravimetrically by filtration of known volumes of water onto pre-weighed, precombusted GF/F filters. The filters were re-weighed after drying at 105°C and again after ashing for 3 h at 500°C.
Trace metals. For trace metal samples, filtration equipment and bottles were treated prior to sampling with redistilled HNO,, HCl and H,O,, and precautions were taken during sampling and sample preservation to prevent any contact with potential sources of trace metal contamination. Two 250 ml samples were collected from each depth, one of which was filtered through a 0.45 mm Millipore membrane. Both filtered and unfiltered samples were acidified in the field using redistilled HNO,. Blanks, of deionized water filtered and acidified in the field, were also collected. These samples were forwarded to Australia for inductively coupled plasmamass spectrometry and inductively coupled plasma-atomic emission spectrometry analysis at CSIRO Division of Coal Research at Lucas Heights in New South Wales, Australia. Results were obtained for a suite of trace metals, of which Fe and Al are reported here.
Biological activity. Rates of photosynthesis in phytoplankton were estimated by determining the rates of uptake of 14C-labelled bicarbonate. In situ photosynthesis experiments were not possible for logistical reasons on a short expedition to this remote area. Instead, duplicate samples from 10, 45 and 50.5 m were incubated in 125 ml polycarbonate bottles for 6 h, with 5 mCi14C-HC0,, at 1"C, in a small area of open water at the lakeside. Ambient light was reduced with neutral density screens to provide a range of seven light intensities from0.1% to25% ambient. Darkcontrolswere alsoincubated. Incubations were terminated by rapid filtration (Whatman GF/F). Filters were frozen for return to New Zealand, fumed over concentrated HCl to remove excess inorganic 14C and radioactivity determined by liquid scintillation counting. Incident radiation flux was recorded during the incubations using a LiCor PAR sensor and mean PAR intensity over the course of the incubations was determined. This enabled data to be analysed as PAR vs rate of photosynthesis. For each of the three depths selected for measurements of photosynthesis water samples were preserved in Lugol's iodine for subsequent enumeration of planktonic algae.
Water column nitrification potential was estimated using nitrapyrin (N-Serve, Ivon Watkins Dow NZ Ltd) as an inhibitor of bicarbonate uptake by nitrifying bacteria (Sommeville 1978) and acetylene inhibition of N,O reductase (Yoshinari & Knowles 1976 , Balderston et al. 1976 ) was used to measure the denitrificationpotential (Downes 1988b) .
Water for N,O analysis was stored in 15 ml vacutainers (Becton Dickison) completely filling the container and excluding any gas bubbles. N,O was then stripped from water samples in the field using a multiple equilibration technique (McAuliffe 1971) with N,O-free nitrogen as the equilibration gas, and analysed by gas chromatography using a 63Ni electron capture detector . Sampling depths were selected according to observed locations of oxyclines. The data on dark CO, uptake from the nitrification assay controls (i.e. without nitrapyrin) were used as a measure of total chemoautotrophic activity.
Results
Physical structure
In January 1993 lake depth at our site, as close as we could estimate to where Hendy's maximum depth was found, was 105 m. The ice cover was practically complete with small (5-10 m,) patches of open water at few sites on the margin of the lake. The thickness of the ice in 1993 was 4.1 m, similar to the 4 m measured by Hendy (1975) . Profiles of temperature and conductivity for the 105 m deep water column are shown in Fig. 2 and Table I . The homogeneous temperature and chemistry of the lake above 50 m depth indicates that these waters were mixed, by thermal convection and perhaps by turbulence accompanying the meltwater inflow. As the ice of the Darwin Glacier dams the east end of the lake to a depth ofc. 50 m below the surface ice, a low temperature (0-0.5"C) was maintained in the upper lake waters. Temperature increased from 1°C at 60 m to 3.6"C at 105 m. Conductivity reflected the gradients of the major ions, which are further discussed below.
Light penetration through the ice cover at the time of sampling was only 2.5%, partly due to light snow cover on the 20%, presumably due to light scattering by the fine glacial silt particles transported by the inflow.
Chemical structure
Major ion gradients. Major ions all demonstrated similar gradients broadly dividing the lake into three layers ( Fig. 3) : an upper dilute layer extending to 45 m depth, a moderately saline (c. 600 g m-3 C1) middle layer from 50-70 m depth and a more saline (c. 1800 g m-3 Cl) lower layer from 90 m to the base of the lake. Between these layers were two diffusion cells: an upper cell from 45-50 m and a lower cell from 7&90 m. The sudden decrease in major ion concentrations at 104 m may be an artifact of sampling as conductivity measured in situ prior to sampling did not reflect this change. A similar inconsistency was noted when sampling Lake Vanda below 70 m (e.g. Webster 1993).
Of the major ions, Na, Mg and C1 appeared to behave most conservatively in the lake waters. Concentration factors for the surface layer of the lake relative to the inflow as measured at W200 were: Na = 48.9, Mg = 45.6 and C1= 45.3. These compare to concentration factors of 38.3 for SO,, 22.2 for K, 19.9 for HCO, and 17.6 for Ca. HCO, and Ca, in particular, are clearly being removed from the inflow water as it enters and mixes with the top layers of the lake. Mole ratios at 25, 60 and 100 m confirm the selective removal of Ca relative to Na with increasing depth (Ca/Na = 0.14, 0.08 and 0.05 respectively). This suggests that Ca-bearing carbonate and perhaps sulphate salts were either being precipitated or have in the past been precipitated in Lake Wilson.
Precipitation may occur through evaporation at the margins of the inflow or lake and within the water column if saturation indices are exceeded. Preliminary chemical modelling of the lake waters using WATEQ4F (Ball & Nordstrom 1991) shows that only the lake waters between 60 and 100 m depth approached or exceeded saturation with respect to calcite (CaCO,) at the time of sampling. These waters also approached saturation with respect to gypsum (CaS0,.2H20). This does not preclude the possibility of calcite precipitation during previous evaporative events, or at the margins of the lake, developing a distinctive Ca-depleted signature in the lake water.
Preferential removal of Ca results in the formation of a pH, DO andHS. Neither pH nor DO profiles (see Fig. 4 and Table I ) reflected those of the major ions (Fig. 3) . From the surface to 60 m depth the water column was supersaturated with respect to DO, with extremely high concentrations between 45 and 60 m. However, we were unable to determine exact concentrations of DO in this layer as they were off scale on our meter. Below 60 m DO concentrations decreased sharply, to <2 g rn-, at 8&95 m. The presence of %S at and below 100 m indicates an anoxic zone at this depth. Likewise, the profile of pH shows an increase between 40 and 65 m, followed by a decrease to 75 m with relatively constant pH below this depth.
Suspended sediments, Fe and Al. Silica, Fe and Al are the principal components of the finely ground rock, or "glacial flour", carried in the stream (W200) entering Lake Wilson. Particulate Fe and Al can therefore be used to trace the short term distribution of the inflow water within the water column of the lake. The inflow stream drains the Darwin Glacier and is very turbid, a SS concentration of 40 g m 3 was measured at W200 (Fig, 2 , Table II) , along with very high concentrations of particulate Fe (9510 mg m') and Al (7900mg m-3). "Particulate" concentrations referred to here are the differences between the acid-soluble metal concentrations determined on filtered and unfiltered samples.
In Lake Wilson, particulate Fe and particulate Al both showed a maximum concentration in the upper level of the lake, between the ice surface and 45 m. SS concentrations were also highest in the surface layer, ranging from 5.6 g m" to 1.2 g m 3 at 50 m. Evidently particulate material is largely retained in the upper layer of the stratified lake and mixing does not occur much below 45 m. The high SS concentration in the upper layers is clearly the major influence on the high PAR attenuation coefficient and reflectance (see above). Low concentrations of particulate Fe and Al below 45 m suggest that sediment is settling only very slowly through the denser, more saline layers of the lake. The increase in particulate Fe in the anoxic zone at the base of the lake is consistent with the presence of Fe-sulphides, formed by the reaction of dissolved Fe with H,S.
Nutrients and N,O.
Dissolved nutrient concentrations in the inflowing water were low, with 1.1 mg m-, DRP, 83 mg m 3 NO,-N and 1.4 mg rn-, NH,-N (Table 111) . Within the water column of the lake the same three zones identified in the major ions could be seen (Fig. 6) . The upper layer contained lower concentrations of nutrients than the lower zones, though still slightly higher than the inflow. Ammonium-N concentrations were below 5 mg m 3 throughout the water column except at 100 m where the concentration rose to 19 mg N m 3 (Fig. 6) . Except for the layer just under the ice, NO,-N concentrations were constant at 500 mg rn-, in the upper, dilute layer, increasing to 4000 mg rn-, at 60 m in the moderately saline middle layer of the water column and to 4900 mg m-3 between 65 m and 90 m (Fig. 6 ). Below 90 m NO,-N concentrations decreased rapidly to 600 mg rn-, at 104 m. NO,-N and DRP did not behave conservatively, and ratios of both N and P to Na decreased with depth, suggesting that biological activity may have modified concentrations over time. Ratios of T1N:DRP were high throughout at 300-1000, suggesting that if either nutrient limited growth it would have been phosphorus. Particulate nitrogen (PN) and phosphorus (PP) concentrations did not show any marked patterns with depth. Values of PN ranged from 2.58 mg rn-, (5 m) to 0.75 mg m-3 (75 m), and PP not detectable to 0.36 mg m3 at 60 m.
Nitrous oxide was in excess of air saturation at atmospheric pressure (calculated for freshwater from Weiss & Price (1980) using a mixing ratio in air for NzO of 326 mg m") throughout the water column, indicating active biological production of this gas in the lake water (Fig. 7) . Concentrations ofN,O-Nwereconstantat4.1 mgm3(7.8 timesair saturation) in the upper layer of the water column and increased to 36.8 mg m-3 (67.9 times air saturation) at 50 m before decreasing slightly to 22.4 mg m 3 (37.3 times air saturation) at 75 m (Fig. 7) . Below 75 m there was a sharp N20 concentration gradient to 195 mg m-3 (409 times air saturation) at 95 m and Autotrophic communities. BiovoIumes of planktonic algae and cyanobacteria showed a biomass maximum in the upper layer of water (Table IV) . Trichomes of a Phormidium species and a small Chlorella species dominated the biomass at all depths. Most other taxa also showed higher biomass in the upper layer, except for a few species of flagellates. The distribution of chl a confirmed the higher abundance of autotrophs in the upper layer than the lower ones, with concentrations of 0.3 mg m-3 in the upper 0-25 m layer, declining to 0.05 mg m 3 at 45 m and undetectable below this depth (Table 111) .
Photosynthesis was undetectable against background dark carbon uptake in samples from 45 and 50 m depth. The 25 m sample did show photosynthetic uptake of carbon, with a typical photosynthesis vs irradiance curve for a highly shade adapted algal population. Maximum rate of carbon fixation was very low however (0.3 mg C m-3 hl), as was the radiation flux at which photosynthesis was light saturated (3 pmol photons m-z s-') while inhibition occurred above 100 pmol photons m-* s-l (Fig. 8) . Heterotrophic and chemolithotrophic communities. Rates of activity by chemosynthetic communities (e.g. nitrifiers) as measured by dark uptake of CO, varied from a very low value of 0.01 mg C m 3 h ' down to 60 m and increased from 0.11 at 85 m to 0.23 mg m 3 hr-l at 100 m. Our methods did not, however, detect nitrification or denitrification at any depth although the N,O peak at 75-100 m (Fig. 7) shows that one or both these processes must be, or have been, occurring (Downes 1988b) .
Discussion
Recent lake level changes
Although the profile was located as close as possible to the site of maximum lake depth of 95 m identified by Hendy (1975) , landmarks at the lake margin have changed due to the higher lake level and the accurate location was difficult to ascertain. Hence the lake depth of 105 m measured at the profile site indicates only that lake levels have increased by at least 10 m.
Comparison of the C1 data in Hendy (1975) with that of this study (Fig. 3) 1975. This is a 54% increase in volume. We did not profile the deepest part of the lake as indicated from the 1975 sampling. Instead the sampling site appeared to be centred over a lake bottom which wasc. 15 m above the deepest part of the lake. A 15 m upwards shift of the 1993 chloride profile coincides almost exactly with the 1975 profile as shown in Fig. 3 . As the diffusion cells have evidently not been significantly disrupted since 1975, the increase in lake volume has affected only the upper layer of the lake. The lake level increase observed must have been due to an increase in meltwater inflow because the same volume increase by glacial compression of the lake would require the glacier to have moved c. 2 km into the lake. A comparison with the lake shore reported in Hendy (1975) shows that this is clearly not the case. For instance, a peninsula stretching out into the lakec. 250 m from the Darwin Glacier in Hendy's map could still be identified, though now as a group of islands, a similar distance from the glacier.
A comparison of the thermal gradients of 1993 and 1975 is shown in Fig. 2 . Hendy (1975) correlated the depth of the temperature inversion with the base of the contact zone between the lake water and the Darwin Glacier at 34 m depth, based on the bathymetry and the increase in lake temperature below this depth. The 1993 thermal gradient shows an inversion at 45-50 m depth compared with an inversion at 25-35 m depth in 1975. This difference of 15-20 m is somewhat less than the 25 m offset of the ion gradients, However, the main meltwater inflow to Lake Wilson flows along the margin of the Darwin Glacier and enters the lake at the southeast corner (sample W200). The inflow is very turbid, carrying a high sediment load into this end of Lake Wilson. For a volume change ofc. 15 x lo7 m3 in the lake with an inflow SS concentration of 50 g m3 an estimated 7500 t of sediment would have entered the east end of the lake since 1975. It may be that the base of the glacierflake water contact is displaced by less than 25 m because sediment has built up at this end of the lake.
Thermal gradients in the upper levels of the lake are likely to have varied during the season in response to solar radiation and absorption through the ice cover. Rapid attenuation of radiation with depth suggests that temperature fluctuations are likely to have been confined to the upper layers. The different gradients shown for the upper lake in 1993 and 1975 probably reflect these short term climatic effects.
Consequences for biological processes
Photoautotrophic production in the McMurdo Dry Valleys lakes depends on penetration of PAR through the ice cover and through the water, and on the ability of phytoplankton to utilize this light. Penetration of light through the ice cover of Lake Wilson was comparable to that of a set of seven Dry Valley lakes measured by Parker et al. (1982) . However, the extinction coefficient for light through the water column was much higher in Lake Wilson than in all but one of the lakes surveyed by those authors. Vincent (1981) showed that euphotic zones in two lakes extended to at least the 0.2% surface light level. Photosynthesisvs radiation curves obtained from one of these lakes, Lake Fryxell, showed similar saturation PAR to our data (Vincent 1981 , Fig. 8 this paper) so a similar euphotic limit might be expected. Data on light penetration and extinction in Lake Wilson show that 0.1% surface light will be reached at 9 m, which may be extended to 10 m if allowance is made for reflected radiation (Spigel & Howard-Williams 1984) , but light snow cover on the ice would have reduced penetration. Light penetration through the clear ice of Lake Vanda is almost 14% (Vincent & Vincent 1982) and it is possible that at times Lake Wilson ice is as transparent. Under the most favourable conditions then, the 0.1% light level could be as deep as 14 m in Lake Wilson. The euphotic zone, even in these optimal conditions, will be confined to the upper circulating cell of Lake Wilson.
The average radiation flux (E) in a circulating layer can be estimated as: -kdZmix) kd Zmix where E, is the mean radiation flux at the surface of the Iil Lake Wilson, a 28 m thick mixing surface layer, with mixed layer and 2-is the mixed depth.
2.5% surface PAR beneath the ice will have an E of 0.125% of surface PAR. This equates to a photon flux density of c. 1-2 pmol rn-, s-l on a sunny day at 80"s. Fig. 8 shows a saturating photon flux of 3 pmol ma with significant photosynthesis at 0.6 pmol m z 9. So long as the layer is circulating it is likely that net photosynthesis will proceed. However, photosynthesis below the mixed layer is very unlikely.
The distribution of chl a and algal cells is consistent with photosynthesis confined to the upper water layer. This contrasts with several of the McMurdo Dry Valleys lakes, where maximum biomass and productivity is in the deeper strata, where nutrients are available from anoxic bottom water (Vincent 1987) . In fact, in most of these lakes, algal biomass maxima are found immediately above the oxycline (Vincent 1981 , Parker et al. 1982 , Vincent & Vincent 1982 . It is possible that when the level of Lake Wilson was lower and the water presumably clearer, a deep chlorophyll maximum may have been associated with the oxycline in this lake too, though there is no evidence of high concentrations of phosphorus in the anoxic layer.
Super saturation with oxygen is common in McMurdo Dry Valleys lakes (Craig et al. 1992) . In Lake Hoare, most of the oxygen is derived from inflowing waters and a small amount from in situ photosynthesis (Wharton et al. 1987 (Wharton et al. , 1989 . In Lake Vanda, a deep peak in dissolved oxygen concentration is associated with a photosynthesis maximum (Vincent 1981) .
Since an absence of light precludes photosynthesis in the present supersaturated layer of Lake Wilson, the supersaturation recorded from 40-65 m (Fig. 4) must be a remnant of conditions at a previous lower lake level. Long term persistence of the deep oxygen maximum in Lake Wilson is indicated by diffusion rate calculations. Using a DO diffusion coefficient of 1.2 x lo9 m2 sec" (Broeker & Peng 1974) it appears that with no further oxygen input the observed DO maximum would persist for over 100 years. The depth to which DO saturation occurred at previous lake levels cannot be determined from the current data. It is possible that water was oxygenated to greater depths than at present and that over time heterotrophic processes have gradually consumed the oxygen.
The high supersaturation of NzO in the highly aerobic water column down to 75 m almost certainly arises as a byproduct of MI, oxidation (Elkinset al. 1978, Knowles 1978) .
The fact that our nitrification assay failed to detect any nitrification in the water column suggests that this process is very slow and that NzO may have accumulated over many years. Under the highly aerobic conditions, NzO will be biochemically stable, the only losses being through diffusion from the surface water, through the ice layer, to the atmosphere or by diffusion to the anoxic layer below 100 m, to be reduced to di-nitrogen by denitrification (Knowles 1978 . The diffusion coefficient for N,O is very similar to that of 0, (i.e. 1.2 x lo9 m2 sec-'). This suggests that the N,O peak at 95 m would remain for a similar period (>199 years), even without further evolution. The very low NH4 concentrations in the water column above 100 m and the fact that N,O concentrations are higher than NH, concentrations throughout the water column, indicate that NH, concentration limits nitrification and N20 production in Lake Wilson. This may also explain the peak in N20 concentration at 95 m, just above the anoxic zone, where NH4 concentration peaks (Fig. 6) .
Similar N,O peaks sitting above anoxic bottom water have been found in other ice capped Antarctic lakes with stable stratification. A smaller N,O peak (c. 60 mg N,O-N m") was found in Lake Vanda ) and a much larger N20 peak has been reported in Lake Bonney (Priscu et al. unpublished). In each case the peaks were associated with nitrifying bacteria.
The N,O peak may also be due to the production of N,O from denitrification of NO, diffusing into the anoxic zone (Knowles 1978 (Knowles , 1982 as indicated by the decreasing NO, concentrations towards the anoxiczone. Although N20 itself is consumed during denitrification, any N20 which can diffuse into the aerobic water column will be conserved. As with nitrification, potential water column denitrification rates appeared to be very low since our denitrification assay failed to detect any significant increase in N20, in the presence of acetylene, at any depth. This is in spite of high NO, concentrations (Fig. 6) in Lake Wilson.
The source of the nitrate is almost certainly not nitrification (in situ heterotrophic activity). Firstly, no significant nitrifier activity was detected and secondly, nitrate rich waters are common in the Darwin Glacier area (Vincent & HowardWilliams 1994) where values up to 138 000 mg NO,-N m 3 were found in Diamond Hill ponds. The correlation between nitrate and conductivity in those waters is further supported by this study where a correlation between NO,-N vs conductivity in the aerobic waters of Lake Wilson showed: r = 0.888, P = <0.001. This suggests that the nitrate in the lake is derived from ice and snow melt and concentrated by physical processes, In the case of Lake Wilson this would be a combination of nitrate rich inflows and periods of evaporation in the lake's history.
The history of Lake Wilson
Diffusion gradients in McMurdo Dry Valleys lakes are thought to be due to alternate periods where evaporation exceeds inflow and vice versa. Following a period of prolonged evaporation, re-flooding by cold, dilute meltwater will result in the formation of new diffusion cells. The stepwise increase in ion concentrations indicates that there have been at least two periods in the lake's history where the rate of meltwater inflow exceeded that ofwater loss by evaporation or ablation: the first forming the layers now between 50-90 m and the more recent period forming the layers from the surface to 50 m depth.
The age of the diffusion cells in Lake Wilson can be estimated from the shape of diffusion curve for chloride. A short FORTRAN programme has been designed to calculate the C1 profile for a given passage time between two extremes. The method is similar to that used by Wilson (1964) to estimate the age of the upper layer of Lake Vanda, and uses a C1 diffusion coefficient of 7.0 x 1Olo m z s l (Green & Canfield 1984) . For the purpose of this calculation, it is assumed that the lake has vertical sides. The shape of the lower C1 diffusion curve (Fig. 3) closely matches that calculated for 600-1000 yrs BP, although this must be considered as an estimate only. Chloride concentrations in the middle layer of the lake have been raised by evaporation from the surface as well as by diffusion from below. The age calculated is the time required to raise C1 by diffusion alone. With these uncertainties in mind, this age equates to an estimated date of 1200 yrs BP for the "dry down" period of Lake Vanda (Wilson 1964) , and at least two other McMurdo Dry Valleys lakes, Lake Fryxell and Bonney (Doran et al. 1994) .
The shape of the upper diffusion curve between 45 and 55 m depth closely matches that calculated for 24 yrs BP. However, the shape of the curve suggests that it has been truncated at the top by mixing into the surface layer. An age of between 25 and 35 yrs BP is supported by Hendy's estimation of age of the surface layer at 10-20 yrsBP in 1975 (equivalent to 28-38 yrs BP in 1993).
Therefore, a possible scenario is that, like Lakes Vanda and Fryxell to the north, Lake Wilson evaporated to a relatively small, saline pool during a period of low meltwater flow (in a colder climate) c. lo00 yrs BP. The Lake Wilson brine contained in the order of 1800 g m 3 C1. This brine pool was flooded between 600 and 1000 yrsBP, by renewed meltwater flow, when the convecting surface waters attained a chlorinity in the order of 500 g m-3. This layer was stable long enough to build up high concentrations of oxygen through freeze concentration and/or biological activity. Between 25 and 35 years ago, climatic conditions changed again to favour high meltwater flow relative to ablative losses, creating the surface waters of low salinity (c. 40 g m") observed in this study.
Conclusions
1) The level of Lake Wilson has risen in the order of 25 m since last measured in 1975. The incoming meltwater has not mixed with lower, more saline layers in the lake.
2) Supersaturation of oxygen at 40-65 m cannot be explained by current photosynthesis and instead indicates a relict layer from a previous lower lake level.
3) Extreme supersaturation of N20 is a feature of Lake
Wilson, like the other stable ice-capped lakes, Vanda and Bonney. In Lake Wilson, the extent of this phenomenon is related to the position of the oxycline. 4) The impact of increased lake levels on the biological activity in Lake Wilson appears to be mostly manifested in a changing primary production profile, with production now limited to a turbid upper mixed layer.
5) The lake has undergone at least two periods in which ablation and/or evaporation equalled or exceeded the rate of meltwater inflow. This has led to the formation of three distinct chemical layers within the lake, separated by diffusion cells.
6 ) Lake Wilson appears to have undergone a "dry down" phase during a cooler climate c loo0 yrs BP which matches that of several McMurdo Dry Valleys lakes 320 km to the north. This suggests that the climate change was regional in extent rather than just a dry valley feature.
